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■ ■ Tiu.B xoveation . relates to a device- 'an^ ^stjhbd u^atoie 
for analysis of a tool during :±t9 with a „«chine 
5 tool, m particular but not exclusively 'f^iij: • ' 
detertnination of the poaition 'of a tool/' 'J; ■ 

• > » 

Tooleetting devic.^ tor determW .tke'pb.it'ion of a 
tool, which use a break baata system are:knb5«i 
10 ^PlOSOa.a ax deaeribea detail .on. which has a 

light cranamitter and receiver. The tt^anifoiUer 
.produc«,3-a beam of light a«d « -receiver: hie' bircuitry 
which produces a aig,^ „hen dbatru^tio^'-if the beam is 
detected,. When a predetermined level -of hkam 
IS obstruction e.g. soft is reached theiv tiie' signal 

strength from the reaaiver is a^edueed ' such'' that a 
trigger is produced.. The trigger occ^^'when'a tool is 
present in the beam path. • '•'*.!' 

» * ' / * * 

20 A toothed cutting tool has to be Wkted'' iiiUriier to 
find its cutting diameter. Usually it.,*i£i hkve at 
least t«o teeth, one of which maylb^" taller! tW the 
bthsr a^id so that tooth will circtimsp^ibe 4 larger 
dxameter than the other ( s) . Wher* .the ' t<.ol is'brought 

5 xnto the beam path the tallest todth ^ay^he at any 
poxat and so the repeatability o^ the 'tiMgg^p.' will 
vary. Per example if a tool rotaftiAg 'at " isooipm is 
tnoving towards the beam at 6nm p.^ H^„ute tAen the feed 
per revolution would be ..isoo which e^iis - O . bo4mm. 
so. the repeatability of .the trigger b4" hb better 

than 4 microns because the largest tooth may brealc the 
beam anyvhere .in. that feed per. re.-olutic^n .'distance. 
The feed per revolution of the measurement limits the • 

• -P^^d at which the tool can be. into ' the beam and 
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BO slowa the detection rate, Se^eotioji ^p&efl needs i:o- 

be maximised for cjuick operation of, the . Jncicliifte tool, ., 

whilst repeatability naads to 'be maximised al^o, 

requiring slow feed rates. ' ^ ' / ; 

5 , ^> * ' * » * . * 

On^ known way to increase deteciti9rL s|>ped;ip, to move 

thfe tool quickly toward the tool 'aehtihg device and 

once detected to back off and then mo-VTe , in slowly to 

determine the tool's position. . Thi'?^ pr^ca^V^^r whilst 

ID saving some time^ is still relatively ti-me' consuming. 

* ' .' • * ' ■ 

' , t " r • 

According to a first aspect the presejit ^inveiition 
provides, a tool analysis device fbr^'use 'oii 4 machine 
tool eoK¥»riaing a light emitter ajid a light receiver, 

15 the light receiver in use receiving i ligrht from the 

emitter and producing a aignal in4icati\^e \o£ the amount 
of light being received^ whereijn thei device further 
comprises a converter for providing datsj. h$.ying a 
numerical representatilon of the s'ignal , produced by the 

20 receiver and comprising also a* procep^ox: *£or processing 
that data and for producing an output |when;tshe data 
conforms to a predetermined condition.* 

The processor may be a digital* sigfn41 pi-cKses^dr (pSP) 
25 operative to process the data accbrdiiig 4:d 
algorithm. ' 

According to a second asj>ect the inVeAtipn provides a 
method for processing an analogue signal* reciting from 
30 light falling on a light receiver of ,a tool ^alysia 
device for use on a machine to61, compri^iftg the steps 
of; ^ • * , * 

converting the analogue signal inta da,ta having a 
numerical form which repreaents the slgnal<; and 
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processing. the data accoidiijtg t6 kii al^ithm! 



BT^f^^My, the method provides a fvitteti ste^ of; " 

producing an output signal wheii LastruUted' by the 
algorithm when th^ d^ta coijforms.'to a pk^^iWmined 
condition. « / • 



■ I 
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' . , 



Prefer^ly the method eiqploya a DSP :to process the data 
and the algorithm Is executed witJhip the 6bp 

According to both aspects the fJrede.termined.' condition 
may be the data obtained when th^ ligftt .^ailifag on the 
Ixght receiver is altered e.g.; in^al^cb a' way that the ; 
tooth of a tool momentarily moWs "if^to and' ;h;n out of 'i 
15 the light falling in the Ught' -reoeiver/ or: a series of / 
mich events that oonforin to a prede^re^Wned pattern 
The pattern could be deviations ik the 'amo^^t ' pf that 
light Buch or a definable cha^e ir,s thi .'ti^^iiude of 
those deviations, e.g. a de<:rease i^. ma^kitu^ ' f one 
0 davxation to the next or a ma^^imum foiic;ved by a 

minitm.m followed by another maxitnumfih.'t^hat .tn^^tude. 

% * % 1 
a » 

Embodiments of the invention wikl^.n^;. ,be .d^i^iribed in 



5 



«i • • •* 



«fetail with reference to the drawings, wherein: 
25 fag 1 shows a break bea»a typi^' i^^x .det^cior and ' " ''-'.'^ 

associated copiponents; • t /V'. 



Pig 2 shows a schematlo representatfAon lof • elements 
of the break beam tool detector shovin lin l^i^'i, 

\. -.u ^t^ ^ ^""^ ^ ^^^^"^ ^ ^algorl^lW for use 

30 With the invention; • ^ • 

S-ige 4,5,7 and 8 show siniplif i^d ^«j>hi£5al 

representations of sign^la producedWin^u^^- Of the" ■ 
detector sliown in Pig i; and > ■ ; >' 

.. Pigs. 9-14 Show . ap^^^ { 

•■ :-:.^^.^:':>f •■; • •••• -W"*;-. - . .^v-- ;^-&.f^j;.*!*j •; •.v:'rrV..v;'-' \ t." ."• 



rec^iv^r versus time obtained during uae of detector 

# * • • • « ' 

of the type shown dLn Fig 1 . 



Fig 1 shows a break beam type tpol det^cfeor ' 5 'v The 
detector is suitable for use on a* oocccputzer controlled, 
machine -^tool {usually called a» CKft ) ; b^^wg a machine 
controller 55^ .a tool 50, a toolhbldex . 52 .^lid po^^ibly 
an automatic tool changer 54- 
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«* *■ 



10 The tool detector 5 iqxzludes a. letser li^I^t* 'transmitter 

12 (IR light is used in this ihst^tndfi);^ :atj .,trcOTeroitter l ^'.'v 

portion 10, a ligpit receiver 34 at receiver, portion 30 ' 

* ' r ' " ; '7." 
and a baee 40 for mounting the transmit aoftd receiver \ 

portions.- A light beam 20 is cre^t^d tin us^Jn/hich can • 

15 be obstructed by the tpol 50- Jldditional 'ciicuitry 32 . . ' 

• ' ' •* i * . • . 

is used also -for processing the signal »i^a tied by the ' ; 

light receiver 34. Whilst the circ\jtt^r>^ .is » shown in 

the receiver portion 3 0 some or aU ot maybe 

located off the detector, e.g.. as a PC.inUerfa6e card» . J 

20 Fig 2 shows the circuit 32 in morei' ^^^t^ai^r' • A. 

photodiode is used as the light dfetector/3;4 J 'The 

! * • » 

analogue signal from the photodiode , is atqpli-fied at .1 

amplifier 31 and is tbfen satf5>led by .an ajnalogue to 

digital converter (A-D) 33. The Bampl;e Jr^te^ is 
25 approximately 45KHz:^ but need not iiertjhafe y^lue- A 

sample is called for by the digit^i saignaJ, parpcessor. 
(DSP) and this proces^oi: runs ^ cont inuQuet'I if : looping 

algorithm which calle for a sample at .e^ch'loop- The 

DSP ie capable of parallel proceasiiig jan'd 'SO 'performs 
30 its tasl^s very quickly. The algorithm uned. performs ^* 

the steps ill\astrated in Pig 3 and can be jre'aet. In 
practice background noise will be pije^ei^ arid; this will ' • 
be sampled by the DSP. As the be&m i^' obatajueted e.g. ^. ^- 

by the tool, the signal from tlie reqeiiver 3^ Will • / V 
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I I % 

' t * 
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The 



••• chan^. ami ttu^ ^; turn b^? sampled '^do 'The " 
. algorithm can cause an.;output when thi data, "conforms to ■ ' : " t 
a predetermined condition. .■ : ' ; . / 

5 Prior to tool detection a calibration detected " " ^" 

by the detector. A pin s:imllar in ait^ It'o Viie tool to 
be detected is brought into the beam 20 by a ^to%ram 
running in the CNC at a feed rate'o^ ^^R^o^ciTnately 
4inm/Bec. The pin may be rotating or-* xion^^teting. The 
10 light receiver .output will follow a c4rvW siiklair to 
that shown in Pig 4. That gr^h^ahowe .tfee\-reoefver 
output in volts V, versus time, -a iti^aighf line n 
. represents the nominal upper voltage of thfe' r^celv^x 
output With no beam obstruction. ' tfie' .pin .is 'brought 
L5 into the beam an oscillation in output^ 'v 'i'^ M^aerved 
due to diffraction, then aa less >nd ii^t .from 

the beam falls on the receiver th^ ypOJt^age redudea 
along curve c and eventually drops to s^o-.' ' in ' 
particular a noticeable increase :p in .-.^oltbge 'is ' 
0 Observed as the beam- begins to be 'obstru:^ed:. ' i^e 

voltage during this calibration is prooV^efed' by the OSP 
and turned Into digital information" rdprfesentiiig the 
analogue output of the light .receiver .34;; " Tjke curve is 
stored as a digital representation in .'the fneinW of the 
5 DSP and is referred to below- as the c^librkti'an :'curve 
c. More than one curve can be stbred. i. 

.When the tool 50 is brought . into; the beain a^t' about the 
same feed rate as the pin, whilst it is ;cofc^tlng, it 
will have teeth which tenflporarily ofcsc^e ^ of the 

beam and these teeth cause voltage deviai:ifmp s ,in the 
Signal, from the receiver. .34 as sliown'jii Pig^s!;- ' 

"..S ";^^^- "^-^ "^"^ «>»d.:maici,na; o£ ^the " > 

■•♦-V/^ -j^ii- • .',1 ^\\y-'*' *. • • 0' u- '* 



'S. 



t w 



deviations shown in Fig 5 li^e app3?ojtipftatiid»(y ^^j^ the 
.calibration curve c. Tlie graph eJiowp. ; iri ' Pigr 5' ia of sin 
idealised fornir and in practice E^r more/ ±n4; erf erence 
or noise is observed than has been s|^owii/ ^ However, the 
vpltage deviations shown will be present; •deEfi>ite the 

however^ in practice there may be. .many i^ire than has 
been shown bec^avee the tool v;iH be rcjt^'ting'much 
faster than is exemplified and con^eijueiit^ly many more 
interruptions to the beam will, be observed! . ^ These 
additional deviations will also hav^ piiri,im^ ind maxitna 
which lie approximately on the. caiibrati.oii curve c- 

the deviations present vrlll differ: in 'shape 'depending 
on the tool type 'but the minima and*m^±Tnd vxll still 
lie on the calibration curve c*. 

* i * 

^^n£>ther set of deviations is shovm in .i^i^ '6. . ^'This 
graph Illustrates the voltage deviations' 'dbtdizied when 

a two tooth cutting tool having ojie'tgotji .tialler than 

i' » 

the other is brought into the beaia. Xxj *t}:^i^ instance 

' * ' i' • * • 

two sets of voltage deviations s and a' ,stri^ 'formed, s' 
lagging behind s. Each of these set^a 's and ;s* has 
minima and maxima which lie on one' of t-he z^e^p^ctive 
calibration curves c or c' - • * * ' " ^ • 

Yet another set of deviatioAS is jshown Pig 7 . As 

t • • * ^ 

well aa the deviations s this graph *iX;lTist;rate4 coolant 

drips etc d which occur when the beamJ2D .obscured by 

material like machine coolant or aw^r£'. i I^he^a . spii^rioua 

signals d do not conform to any p^ttexpi or durve and 

occur randomly- ■ , '* . 

in each of the graphs of Figs 5,6 and'r7 when background 



•V= ". --^^^'""^ aignals.d are ^snored :iii.-f ivour of a' 
ireeognxsable set of voltage deviation^ a li-a'ci-^e 
processed tiie DSP. , " ■' '■t:- ' 
y\ . • • • • » 

"Snal. fr™, the light ^ ;e=facHti^ea using ' 

tt« circuitry shc»m Bcha^tioaily- i„ ^ . ■ 
" th. .nalo^ .i^j: 

at a 96«r, aa^ia „te but a. IXlMtrafceli ii, Pig 3 i» 
driven to coXXact aacb ,a«^la by tha ^^^i^\ss 
On« pxoca^ad tha «»pXed .ignax.; ii^ ba Mai* a. 3. to' 
activ.t, an output to tha form^f.-a trig^^ ii^it J 37 
e.g to.lndleat. that the «^e.of tha W haa bean 

15 found, • ' ' 

» , ' 

in thi. axa^pla tha pradatarmiSed- ponJiJtU' ^ . the data. 
Obtained whan tha bean ia obatr„c<:a4 bbe ;tool. 

* . ' . » 
i * , ' » 

Th. processing of the digitised Btg^i]^, ''^^ '.^^^ 
be carxaed out in a number of waya^, > is an 

ideal device for carrying out ^uch prc^e^-n^ -beeause 
tL ""^.'"^^ proc.ss^^ 
tJ?us enabling short response timep. 
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One method procesaing the «ampie<i ^.ta' iii^x^e 
^ivi^ a polvnonual e.g. ,^i, e=^.eeai^ t^r the 
oalzb«txon curve e sho». m Fig 4. W f itt^ within 
tolerancaa, the minima and tha tf«- voltage 

30 deviationa a obtained in uae of the device, to that 
-rve- If four (1„ thi. instance?, .^i^ =iridU«ci™ 
. -^-.>»ve been identified «hi,h io ,t^™e 

withinapr«J.ter«dnedti™pario^.then,tl«>BsPaandaa 
. , ^ ^ trigger algnai to awitoK 37, ao that ;a aWp- «ig^ ■ 




• • caii* be ' i©^\iftd CO the machine cpntjrolleic* 5S..: : ^X^^ 

machine controlier caa ixse this eigi^al' tp* c5e,t'^rniiiie the 

. • C • * ' f i 

position of the tool's edges and th^epy^ i3es^ effeotiire 

*»'**' 

cutting path. . . , * ; ; » 

Alteamatively an approximate straiglft line^.'qt; 
polynomial' ean be generated using' ttt^ .minima, 'as points 
on that line. No calibration cumreCs)* is- '(axe) 
retjuired hut rather, . a threshold val^e can* be 

10 predetermined and when the straight lihe- or polynomial 
line is calculated to have crossedt (or- .^411 cfroes when 
ext:rapolated) that threshold then* a ^tr^Lggtei: signal can 
be generated. The caletilations ' nece^alary for the line 
generation again can be perforrped, in tjie pjSP*,' ^ The 

XS acGvtracy of the estimated threshold crossing point can 

be inroroved if more than the minimum ntirnbejr ttf points ' ^\ 

are used-. The gradient method can'b^ Xis fed; tq ^determine " ♦''.i^' 

minima "or maxima and henoe determine a» thre^ehdld value. V** 

% ^ ' * '* ' ' i' t • 

The increase p can be used aleo to pijedi^t a« threshold ^ \\' 

. - ; . * 

20 crossing if required • , • ',.■'^'• 



Another way ta reject drips etc is to reject, any 
voltage deviation minima or maximp-^ who^e* -values lie 



n. 



Drips or similar obstructions to the berarrt may give rise 
to false readings- during the use of *thfe techxiique 
mentioned imniediateXy above, there .are' a kvnTber at 
25 ways in which these false readings, be iLgnQ37ed- One 
such way is to, look for periodic Tfolta.^e> d^Viationa 
from the receiver 34 and then to open t:imW wxndows 
around the time when another deyiafcion is expected. , * 

Only in this window will digit isiihg of' the -Signal take 
30 place, ibus, the chance of a drip oceurriBbg . within 

ttiat windlow will be relatively sm^lf. .■« „.' ' .* • 



A. 
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tW above : examples f oir processing -of . sait^^^d ' Lta can 
be used for non-rotating or rotating t^odl .detection 
• including the detectioxi of fcbe' ;Le^agtb4 'of ^rotating 
drills etc which, when brought ' into. th6 basct^-^n axis 
appear to be non-rptating . • ) * 

» 

Another method of processing the Sampled l^ata ' from the 
edge of a rotatingf tool i^ to locfk fo:tt\o])tage 
deviationnr which have a distinctive 'cl^aa^^cter. a detail 
of one such voltage deviation is shown . m .Pig , ^ Por 
certain signals, the deviation of. chk 'vd^tage ' wh^n a 
cutting tool tooth obstructs the beam .has a distinct 
shape caused by diffraction effects; -'T^bte/sliape occurs 
only when a rotating part enters '^nk 1^^^ 't^e beam. 
This distinctive shape c.an be detected .by 'operating an 
algorithm in the OSP. This algi^ri'thm ;wi?ll iook for the 
relatively high amplitude maximum? fillov^d by a 
relatively high amplitude minini^m; siioHli^^^ ^ another 
relatively high amplitude maximum .h: . 'The .IplrLlmum of 
that deviation and the minimum' pf evise^i^n •similar- 
deviations can be identified as; tdoth 'ecfee' -dev^ationa 
and can thus be used to form a' cu^^re ^^hicjh . . be 
fitted to a polynomial. No calibictation -cvirvi (s> is 
(are) required for this method.- .•' 



...» 



1 *K 



» r , 



The characteristic shape mentioned a^rave' jina.y -ie a 
30 min-max-iiiin as well as the max-min-ma^^ idaseiii]^. 

A m^thod' of rejecting drips when detecting .:^tating 
.. tools is . to ignore voltage deviations -wliLcW do not have ... 
. the «^ecte^^distinctive character i.e: leitheir. mkn-max> • . ""^V^ 



*.' * •-\-r-^ '..-s.^. . »*rT^!^ ... • .• • 
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min or max-min^tnax e.g.* as ahowii in:Pi.g ^B,. 

The techniques mentioned above ^ for* tjetermijniog the 
position of a tool rely on the calculation of the 
minima and maxima of the voltage deviatl.ona m which 
occur wlien a tooth obatructe tlie bre^in, ^Ch^sre^are 9 
number of well -known t^ c - hnH queg* for ' eistt'itnatini^ ' the zero 
elope part of a curve from points on'eiiti^er side of 
minima or maxima which may be ueed* » 



Pig S ehowe a graph of actual signals ^aamp^L^d^from the 
output of a tool detector of tljie type eh^ovm .in Pig 1. 
In this graph one sqpiare along • the* xf.^Kijs jirepreaenta 1 
volt and one square along the time'' a&i'e repreqenta 
15 approximately 25meec. • 

A calibration pin has beea brought into thej beam and 

has caused the aharacteristic curve '9 ,vhd:c*b fLB shown in 

Pig 4 in siirplified form. The nomiiial .vjblt;age ' n is 

> • ■ • ^ * > , 

50 5.5v and the receiver voltage drops ito arero wlien fully 
obstructed. . \ ; , , . 

♦ * . ' ' 

Pig 10 shows a gpraph of a^ctual >signalsx ;sampljBd from the 

output of a tool detector. In thi$ M ••rfotating 

« ' • ' » i • * 

25 tool (a 12min slot drill) x& brought into^ the detector 
beam and its teeth have produced fch^ e;igji?al as they 
obstruct the beam. The graph squciree rep^es;^nt 1 volt 
and about 120msec. Superimposed pn ^the ^^^ph is a the 
curve c which appjroximates to the curve to ±p Fig 9 . 



VarxoruB typical ehs^es of the data plobs at points Fll 
to F14 along the curve are shown in ^mo^e. Retail in Figs 
11 to 14 respectively. In each of the: igxasM ' shown in 
Pigs 11-14 one square represents O.Hv and about 5msec, 
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oflclllat:<g^ phase and haa aJ jiiu^mpxJTnik ah^-^^ li-^ pig 
12. a trough develops in the W aAd.twk • •• 
m±ii,max,nrlii,raax,inin shape develops;, .'in ^ig '13 'that 
middla trousrh becon^s bigger. lAt^^^ig .i4:- thW though i3 
larger than the other aignals. ' The ei^i; in .Pig 14 ia 
the max-Tnin-max signal referred to.' afeoW which 'haa the 
distinctive ahape that can be ^eo^.^ni^^d• and can be 
diatingulahed from other spurious .'si^lsf.. : 



Thus it oan be sean that bha voltage deviation that is 
detected by the algorithm in the i>SP 'develkp^ .-as the 
tool ia progreaaed into the be^Tn-.-'^'d feentioked above, 
there are many ways in which the eaitlpled! data' can be 
15 used to determine a trigger point: "". ' - 



20 



5* • . 



A DSP has been utilised .in' the 'erabodin^nt desdribed, 
however many altemativea exist. {Pz^ice^asdha 'of the 
dxgitised signal" could be carried, out using e.g. a 
Field-Programmable Gate Array, *an'*ai:^licktibn^specific 
integrated circuit or a general^p^i^sL inic^^cessor 
e.g. a PIC or a PC based system. • • ' " ' 

] : ;: , • 

The tool detector is shown as a.breaJc beaml tWe, but 
25 could be a reflective type.. • 

Any edge of a tool can iie detected" 0.. 3./ side! or end 
usually a calibration curve vrili be generated .for each 
edge which Is to be detected, but . ^uoh- a' bur^e .is not 
30 essential for edge detection. ' 

- .The. graphs show generally, voltage 'o^tpiit; of a 'light • . • ■'" J 

receiver but. any other variable can be empiLoyed. : The * 
voltage etc tnay not drop fully -to izect^o; partiioiiarly if • 



. 1,. • ** 





a very sniall tool is to be de tec bed and Mh6a?e ; only ' a . 
poTtLon of tha began is obstructed*, * . . » 

Detection can be made when the 'tot:il iQ\qoin£ng 'out o£ 
the beam as well as going into the be^ni. ' Jnl^uch 
circutpstences the effects detailed above: -wi'^l be 
reversed. Tools or other items to be detefpt^d need not 
be rotating to be detected. ' » ' » 




* ' » •*« • 



10 As described pbove the minima or majtinj^ '06 *%foltage 

deviations or deviations of variables can ?be fitted to 
^ c?urve or siniply used to plot a line., 'In ^ither 
instance a trigger point equivalent \td Voltage (etc) 
threshold can be set . ' ! \\ ^ 



• ^ 



««« ^ • 
*. .* *, 

t mt 



j PCT Application 

i PCT/GB2003/005538 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




LINES OR MARKS ON ORIGINAL DOCUMENT 



;FERENCE(S) or EXHIBIT(S) submitted are poor QUALITY 



